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Summary

This study covers the engineering reviews and analyses of 46 testing methods pro-
posed for determining the hazard classification of pyrotechnic bulk materials and munition
end items during transportation and storage.

Six test methods were applied to Green Smoke IV and Violet Smoke IV to demonstrate
the validity of the tests.

The 15 most definitive bulk and end item test procedures are recommended for in-
clusion in a supplement to TB 700-2 for pyrotechnics., The recommended test procedures
are intended to replace the explosives related tests that are now being improperly applied
to pyrotechnics in TB 700-2. '
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EVALUATION OF TEST METHODS FOR PYROTECHNIC
HAZARD CLASSIFICA TION

1.0 INTRODUCTION

1.1 Objective. The objective of this study was to provide engineering evaluations and
analyses of test methods to be utilized for the classification of pyrotechnic bulk materials
and munition end items. This study is intended to contribute toward the preparation of
pyrotechnics hazard classification procedures that will be integrated into documentation
for use by the Department of Defense, the Department of Transportation, and the North
Atlantic Treaty Organization.

1.2 Authority. The work described in this report was authorized by National Space
Technology Laboratories Technical Work Request (TWR) EA-4D01, dated 24 September
1973.

1.3 _Background. The Explosives Hazard Classification Procedures, US Army Tech-
nical Bulletin 700-2, Change 1, 1968, sets forth testing procedures for determining the
reactions of explosives, solid propellants, pyrotechnics, and end items to initiating
influences such as heat, mechanical impact, hydrodynamic shock, and open flame.

The Bulletin provides for hazard classification of bulk materials on the strength of
the above testing as shown in figure 1. The classification thus obtained applies only to
transportation and storage and does not apply to the various stages of manufacturing and
assembly.

The classification procedures that now appear in TB 700-2 consist of test methods
that produce only ""go'" or '""no go'" results. The tests and their interpretation were devised
specifically for mass detonating materials. They do not adequately provide for the true
hazard classification of pyrotechnics (see paragraph 3.3). TB 700-2 is nevertheless
applied to the classification of pyrotechnics.

This program was conducted to assemble, evaluate, and recommended hazard
classification test procedures intended specifically for pyrotechnics to be included in a
revised edition of TB 700-2.

2.0 TECHNICAL APPROACH

2.1 Test Review and Evaluation. Each candidate test method was:

® Reviewed and evaluated to determine its applicability to pyrotechnic hazards
classification.

® C(Classified according to its nature and the physical parameters involved.

¢ Ranked on the bases of relatability, quantification, scalability, and cost.
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Figure 1. Classification of Bulk Pyrotechnics in Accordance with Paragraph 3-13 of TB700-2




Two materials, Green Smoke Mix IV and Violet Smoke Mix IV were selected as
reference materials with which to demonstrate -the suitability of the candidate test methods.
They were selected because of the large amount of available test data.

2.1.1 Candidate Test Method Sources. The candidate test methods required to be
reviewed and evaluated were obtained from the following:

® Test Methods for Pyrotechnic Materials Hazards Evaluation, A. Levine and
D. Kone (appendix B)

e TB 700-2, Explosive Hazard Classification Procedures (including Change, 1,
1968)

e PEMA 4932, Project 5744099, Exhibit P-16, Paragraph la.

Additional candidate test methods were selected from the hazards evaluation
experience at the National Space Technology Laboratories.

The candidate test methods are listed in table 1 on pages 11 and 12,

2.1.2 Ranking Criteria and Methods. For expediency, the relevant factors and charac-
teristics were extracted from each test method for independent evaluation.

Each parameter was analyzed to determine the extent to which the resulting data
could contribute to the proper hazard classification of a pyrotechnic bulk material or
munition end item. To that end, evaluations were made on the basis of:

® DPotential contribution of the parameter to hazardous situations.

o The ability of the test to evaluate the parameter.

® Whether an alternative test method is available.

- Cost.

Consequently, numerical values were assigned to the ranking criteria to facilitate the
comparison and recommendation of specific test methods.

2.1.2.1 Relatability.  Relatability refers herein to the extent to which the test method
simulates a relevant parameter or initiation mechanism found in the transportation or
storage environment. The numerical values assigned to relatability were:

4  Found and expected in one or both of the transportation or storage environment.

3  Possibly found in one or both environments; the probability of occurrence is
not known.

2  Possible but less probable in either environment.




1 Occurrence improbable in either environment.

0 Not considered to be relevant to hazard evaluation.
2.1.2.2 Quantitative. Quantitative is the term used to reflect the ability of the test
method to quantitatively measure the particular parameter. The numerical values assigned
were:

2  Precise, quantitative and objective measurement of the parameter.

2  Only available test method for the parameter,

1  Subjective quantitative measurement of the parameter.

1 Qualitative but objective measurement.

0 Measurement that is both qualitative and subjective.
2.1.2.3 Scalability. Scalability describes the confidence with which results from the
test can be extrapolated and applied to full-scale situations. The numerical values assigned
were:

3  Full-scale test.

3  Amply demonstrated scalability.

2  Scalability not thoroughly demonstrated but believed to be valid.

2  Only test method available.

1  Scalability considered to be poor.

0  Scalability demonstrated to be poor.
2,1.2.4 Cost. Cost becomes a relatively minor item in the context of hazard classifi-
cation. The cost of classification testing can be regarded as part of a materials develop-
ment cost, and as such, it makes an insignificant contribution to the unit cost for produc-
tion quantities. Furthermore, the cost of hazard classification testing is small compared
to the potential consequences of a single incident where proper classification could have
resulted in reduced casualty losses. The numerical values assigned to cost were:

1  Relative cost less than $400 per bulk material or end item.

0 Relative cost greater than $401 per bulk material or end item.
2.1.2.5 Application of Ranking Values. The ranking values, except cost, determined

as described above are applied additively for each test method. Cost was considered only
when other factors were equal. A "'perfect' test method would have a ranking value of 10.




2.2 Tests Performed. Tests were conducted utilizing those candidate methods for
which sufficient references were not available.

2.2.1 Differential Thermal Analysis. Differential thermal analysis testing was con-
ducted in accordance with the procedure outlined in appendix B, method 112.

2.2.2 Parr Bomb Calorimeter. Parr Bomb calorimeter testing was conducted in
accordance with the procedure outlined in appendix B, method 117.

2.2.3 Hygroscopicity.  The procedure outlined in appendix B, method 303, was used to
conduct hygroscopicity testing.

2.2.4 Moisture (Desiccation Method).  Moisture testing by the desiccation method was
conducted in accordance with the procedure outlined in appendix B, method 304.

2.2.5 Moisture and Volatiles (Vacuum Oven Method).  Moisture and volatiles testing by
the vacuum oven method was conducted in accordance with the procedure outlined in
appendix B, method 305.

2.2.6 Isothermal Analysis (Multipount DTA). This is a variation of standard differen-
tial thermal analysis, the difference being in the controlled rate of heat applied externally.
Isothermal analysis is supplemental to the standard DTA and can result in 2 more definitive
evaluation of the potential thermal hazards of materials exhibiting rate-controlled reactions
due to prolonged exposures at near-ignition temperatures.

A standard DTA is first performed. If no exotherm is observed below 500°C, the
material is considered thermally safe. From the standard DTA results, a temperature is
selected for the isothermal analysis. A 25 milligram sample is weighed into the sample
tank, a thermocouple is placed into the material and set aside until the temperature block
has stabilized. The sample tank is then introduced into the block, and the time is noted on
the recorder. Within four to five minutes, the temperature of the sample will stabilize.
The sample is observed for 20 to 30 minutes for endotherms and exotherms. A typical
diagram of an isothermic analysis system is shown in figure 2.

3.0 RESULTS AND DISCUSSION

3.1 Tests Performed. The pyrotechnic bulk materials tested were:

® Green Smoke Mix IV, Drawing Number B 143-2-1.
e Violet Smoke Mix IV, Drawing Number B 143-5-1.

3.1.1 Differential Thermal Analysis. The average of 10 test runs on each sample pro-
duced the following results:

» Green IV

®  Exhibited exotherms at 166. 49°C and 221. 68°C, the decomposition
temperature. ’
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8 Exhibited endotherms at 68.78°C (transition of crystalline state),
117.75°C (melting of sulfur), and 178.64°C (sulfur - potassium
chlorate reaction).

° Violet TV

® Exhibited exotherms at 117, 59°C (small peak), 175.45°C, and
239.88°C, the decomposition temperature.

8  Exhibited endotherms at 70.22°C (transition of crystalline state),
119. 34°C (melting of sulfur), and 200.80°C (sulfur - potassium
chlorate reaction).

The differential thermal analysis is a valid test that detects the chemical and physical
changes occurring within the specimen as a function of temperature. However, the results
may not be scalable because of the small sample size and variation in consolidation density.
The test relates to initiation sensitivity and stability and may be more meaningful than
either thermal stability or ignition and unconfined burning tests.

3.1.2 Parr Bomb Calorimeter.  The average of 11 test runs on each sample produced
the following results:

® Green IV - Gross heat of combustion = 3.432 Kcal/gm = 6177 BTU/1b.
® Violet IV - Gross heat of combustion = 2.816 Kcal/gm = 5069 BTU/1b.

While the Parr Bomb calorimeter does not provide results directly applicable to
hazards classification, it does provide specific output energy available in the material,
The specific output energy thus obtained can be applied to assessment of the consequence of
functioning full-scale quantities, and it can influence quantity-distance and protective
measures requirements. The scalability of Parr Bomb calorimeter testing is questionable
because the sample is small and very likely not representative of the consolidation density
of a full-scale mixture.

3.1.3 Hygroscopicity. Three samples of Green Smoke IV absorbed an average of

3. 45 percent by weight of moisture under prolonged exposure to 30 + 2°C and 90 percent
relative humidity. Three samples of Violet Smoke IV absorbed an average of 26.1 percent
of moisture under the same conditions. Hygroscopicity testing does not correlate with
sensitivity or output and is not relevant to hazards classification except in cases where
moisture content is known to significantly affect the reaction of a material.

3.1.4 Moisture (Desiccation Method). = Three samples of Green Smoke IV were found
to contain an average of 0.53 percent by weight of moisture; Violet Smoke IV, 0.76 per-
cent. Moisture content of a material is not relevant to hazards classification.

3.1.5 Moisture and Volatiles (Vacuum Oven Method)., Sixteen samples of Green Smoke
1V were tested and found to contain 0.621 percent by weight of moisture and volatiles.
Similarly, 17 samples of Violet Smoke IV were found to contain 0. 524 percent moisture
and volatiles. Moisture and volatile content of a material is not relevant to hazards
classification.
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3.1.6 Isothermal Analysis, Three samples each of Green Smoke IV and Violet Smoke
IV were tested by isothermal analysis techniques. Neither material could he tested at a
temperature greater than 169, 25°C without decomposition. Both materials were tested at
169.25°C for 2 hours and decomposed without producing measurable exotherms or
endotherms.

Results of testing with the two sulfur-based smokes are inconclusive, but it is he-
lieved that isothermal analysis, in conjunction with differential thermal analysis can be a
valuable tool for assessing the reactivity of a pyrotechnic bulk material.

3.2 Tests Evaluated. Table 1 is a listing of the candidate test methods and references.
The classification test method summary for each test presents the findings of engineering
reviews and analyses. The application, parametric and ranking value results for all tests
are summarized in table 2. A complete set of classification method summary sheets
appear in appendix A.

3.3 Discussion. TB 700-2 does not adequately provide for the hazard classification of
pyrotechnic bulk materials and munition end items. The TB 700--2 classification proce-
dures are based on the presumption of an explosive material having a critical diameter of
less than 1-1/2 or 2 inches. Classifications determined in accordance with TB 700-2 are
based solely upon initiation sensitivity with no regard being given to output consequences
of a reaction. It is implied that output damage potential is related to initiation sensitivity.
That implication is not supported by actual experience. Recent experience with the testing
of 70 pyrotechnic materials (as reported in GE-MTSD-R-059, et al.) has shown that a
Class 7 explosion hazard results have been obtained only from the impact sensitivity

test (106). The other tests invariably produced results corresponding to Class 2, fire
hazard. The risk attendant to recognition that a pyrotechnic material, Class 2, might be
transported or stored in a configuration greater than its particular critical diameter
demands concern.

3.3.1 Initiation Sensitivity. Initiation sensitivity of a pyrotechnic material is of impor-
tance in determining hazards classification. The stimuli of interest are open flame,
indirect thermal, mechanical impact, hydrodynamic shock, and electrostatic discharge.
Sensitivity to friction stimuli and dust explosibility are for the most part irrelevant to the
transportation or storage environments.

3.3.1.1 Open Flame. Itis assumed that a pyrotechnic material is sensitive to initia-
tion by open flame since that is an inherent characteristic. The essential question is
whether the material once initiated will undergo transition to detonation. The thermal
ignition test (417), ranking value 8, provides the required data on a full-scale basis. The
ignition and unconfined burning test (103), ranking value 4, serves only to demonstrate that
a pyrotechnic will burn in a fire.

3.3.1.2 Indirect Thermal. Indirect thermal initiation, sensitivity, and thermal
stability are of paramount concern in determing the hazard classification of a pyrotechnic
material. Those parameters are the following tests:

12




Table 1. Candidate Test Methods

Number Test Reference
101 Thermal Stability (75°C Oven Method)
102 Thermal Stability (Tube Method)
103 Ignition and Unconfined Burning
104 Burning Propagation Rate (Screen)
105 Burning Propagation Rate (Tube)
106 Impact Sensitivity (Bureau of Explosives
Apparatus)
107 Bullet Impact Friction
108 Electrical Spark Sensitivity
112 Differential Thermal Analysis
113 Detonation - Compression a
114 Card Gap g
115 High Explosive Equivalency g
116 Closed Bomb <
117 Parr Bomb Calorimeter
201 Propagation/Transition Test A
202 Propagation/Transition Test B
203 External Heat Test C
204 Transporation Rough Handling
205 Crash Safety (40 Foot Drop)
301 Bulk Density
302 Compatibility (Reactivity with Surroundings)
303 Hygroscopicity
304 Moisture (Desiccation Method)
305 Moisture and Volatiles (Vacuum Oven Method)
306 Moisture and Total Volatiles (Gas Chromato-

graphic Method)
13




Table 1. Candidate Test Methods (Cont 'd)

Number Test Reference
401 75°C International Heat Test AMCP 385-177
402 100°C Heat Test AMCP 385-177
403 Explosion Temperature Test AMCP 385-177
404 Hot Bar Test AMCP 385-177
405 Impact Sensitivity Test (Bureau of 106 (Different Apparatus)
Mines Apparatus)
406 Impact Sensitivity Test (Picatinny 106 (Different Apparatus)
Arsenal Apparatus)
407 Friction Pendulum Test AMCP 385-177
408 Friction Sensitivity Test EA-FR-4D11
409 Impingement Reaction Test EA-FR-4D11
410 Abel Heat Test *
411 Isothermal Analysis TES-20-73-2
412" Hartmann Dust Sensitivity EA-FR-1D0X
413 Large Scale Parr Bomb EA-FR-4Dl11
414 Carrier Medium Test EA-FR-4D21
415 Charging and Blending Sequence Test EA-FR-4D21
416 Mass-Effects Test EA-FR-4D21
417 Thermal Ignition Test EA-FR-4D21
418 Full -Scale Blending Test EA-FR-4D21
419 End Item Electrostatic Sensitivity "
420 Transporation Simulation Test EA-FR-4D71 and
GE-MTSD-R-058
421 Modified Detonation Test B Method 421

Summary Sheet

*S. Fordham, "High Explosives and Propellants', Pergamon Press, 1966.

**C. Pique, "M139 Bomblet Electrostatic Testing', (Unpublished), Edgewood Arsenal

Resident Laboratory Project 4G07.
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Table 2. Classification Test Accumulation and Ranking Summary

Ranking Value
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Classification Test Accumulation and Ranking Summary (Cont 'd)

Table 2.

Ranking Value
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Classification Test Accumulation and Ranking Summary (Cont'd)
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Ranking Value

® Thermal Stability (75°C oven method) (101)
® Thermal Stability (tube method) (102)

® Differential Thermal Analysis (112)

® 75°C International Heat Test (401)

® 100°C Heat Test (402)

® Explosion Temperature Test (403)

® Hot Bar Test (404)

0 &= xS o O O

® Isothermal Analysis (411)

The two thermal stability tests (101 and 102) are functionally similar in providing
basic thermal stability data under reasonable maximum transportation and storage
environmental conditions.

Differential thermal analysis (112) and isothermal analysis (411) provide meaningful
data basic to an understanding of the chemical reactivity and physical changes of the pyro-
technic material.

3.3.1.3 Mechanical Impact. Mechanical impact initiation sensitivity is an important
parameter to be considered in determining hazard classification because potential initia-
tion sources are constantly present in the transportation and storage environment.
Mechanical impact sensitivity is the subject of the following test methods:

Ranking Value
® Impact Sensitivity (Bureau of Explosives 6
Apparatus) (106)
® Bullet Impact Friction (107) 3
® Impact Sensitivity (Bureau of Mines Apparatus) (405) 6
® Impact Sensitivity (Picatinny Arsenal Apparatus) (406) 6
® Impingement Reaction Test (409) 1

The impact sensitivity test (106) using the Bureau of Explosives apparatus provides
meaningful data relevant to initiation sensitivity of a pyrotechnic material. The same test
using different apparatus (405 or 406) has not yet been shown to correlate with the Bureau
of Explosives apparatus.

3.3.1.4 Hydrodynamic Shock. Hydrodynamic shock sensitivity is less relatable to pyro-
technic materials as it is to explosives. Hydrodynamic shock is the intended initiation
stimulus for most explosives, whereas pyrotechnics are usually designed to be flame
initiated. Pyrotechnics have been shown (GE-MTSD-R-059, et al.) to be shock insensitive,
but the possibility should be considered.

18




The tests for hydrodynamic shock sensitivity are:

Ranking Value
® Detonation-Compression (113) 4
® Card Gap (114) 5
® Mass-Effects Test (416) 7

The mass-effects test (416) is superior to the other two methods for evaluation of a
pyrotechnic material, principally because quantities of material more representative of
pyrotechnic handling are used. The test combines hydrodynamic shock sensitivity deter-
mination with a limit level test of critical diameter and provides blast output measurements
if the material does explode or detonate. There has beer little experience to date with the
mass-effects test (416), but the results are promising (EA-FR-4D21).

3.3.1.5 Electrostatic Discharge. Electrostatic discharge as an initiation stimulus is
more relevant to manufacturing hazards than to transportation and storage. It must be
recognized, however, that thermoplastic materials are increasingly replacing metals for
munition end item cases and for bulk and end-item packaging. Pyrotechnics are no
longer necessarily afforded the electrostatic protection of a conductive enclosure.

Electric spark sensitivity testing (108), ranking value 7, can provide data useful in
assessing the extent to which a material might be vulnerable to electrostatic initiation.

3.3.2 Output Energy Release. The output energy release characteristics of a pyro-
technic are as important as sensitivity in determining hazard classification. Output data
will contribute to the establishment of quantity-distance separation criteria. The following
tests provide output data:

Ranking Value
® Ignition and Unconfined Burning (103) 4
® Burning Propagation Rate (Screen) (104) 6
® Burning Propagation Rate (Tube) (105) 6
e High Explosive Equivalency (115) 7
® Closed Bomb (116) 6
® Parr Bomb Calorimeter (117) 8
® Hartmann Dust Sensitivity (412) 6
® Large Scale Parr Bomb (413) 6
® Mass-Effects Test (416) 7
® Thermal Ignition Test (417) 8
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Either of the burning propagation rate tests (104 or 105) provides useful data relative
to pyrotechnic performance, and is superior to ignition and unconfined burning (103).
Since more representative quantities of material are used, mass-effects test (416) provides
more meaningful data than does the high explosive equivalency test (115).

The closed bomb (116) and the parr bomb calorimeter (117) tests provide basic out-
put energy data for a pyrotechnic, but data therefrom are not always scalable to large
quantities. Eventual hazard classification should be based upon larger samples, approach-
ing full-scale, such as the mass-effects test (416) and the thermal ignition test (417). The
Hartmann dust sensitivity test (412) (as noted in paragraph 3. 3. 1) is not relevant.

3.3.3 End-Item Testing. Propagation/transition tests A and B (201 and 202), ranking
value 8 for both, provide meaningful data for hazards evaluation. These tests answer two
basic questions:

® If an end item functions within its shipping container, will the reaction
propagate to other similar items in the container ?

® If there is propagation within a container, will the reaction propagate to
other similar items in an adjacent container under free air conditions ?

The answers to these questions guide the classifying authority in the establishment of
quantity-distance requirements for the item under test. The modified detonation test B
(421), ranking value 8, refines the test by modifying the procedure for arranging the con-
tainers in a "B" test in those cases where the standard "A'" or ""B" test resulted in con-
tainer rupture. As before, TB 700-2 is found to be presuming an explosive in which case
proximity rather than configuration is paramount. However, pyrotechnic end items
frequently exhibit a directional output, especially if the end item is propulsive. In such
cases, the greatest propagation hazard is in the direction of the donor output, and this
modified procedure places the acceptor in the most vulnerable position.

Another area of concern is whether the transportation carrier contributes confinement
that would produce a more severe output from a "B'' test. The transportation simulation
test (420), ranking value 7, is intended to subject the end items to partial confinement,
such as within a carrier, in a reduced scale propagation test. Results to date (GE-MTSD-
R-058 and EA-FR-4D71) are inconclusive but this approach is worth of further study.

The external heat test C (203), ranking value 8, is intended to provide the classifying
agency with data on the performance of a quantity of packaged end items enveloped in a fire.
The results of the '""C'" test contribute significantly to the establishment of quantity-distance
requirements.

In its present form, the end-item electrostatic sensitivity test (419), ranking value 6,
is used to assure that an end item is insensitive by several orders of magnitude to electro-
static initiation. As pointed out in paragraph 3.3.1.5, use of containers other than metal
increases vulnerability of an end item to electrostatic stimulation.
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3.3.4 Thermal Output. Since pyrotechnics burn rather than explode, the greatest
energy output hazard is thermal flux rather than blast phenomena. Knowledge of the
thermal output characteristics of pyrotechnic bulk material in large quantities is essential
to assessment of hazard potentials and for determination of proper classification. Heat
flux data is occasionally gathered in the course of other testing, but no procedures are
available for specifically evaluating this parameter, nor have performance standards and
limits been established.

4.0 RECOMMENDATIONS

4,1 Specific Test Methods, The results gathered from the test data suggest that a
supplement to Technical Bulletin 700-2 be prepared and issued to include hazard classifi-
cation testing procedures for pyrotechnic bulk materials and munition end items. The
DOD component responsible for an item is at liberty to require additional testing in accor-
dance with paragraph 1.3 of TB 700-2. It is believed that the supplemental tests will
eventually gain acceptance throughout the pyrotechnic community.

4.1.1 Recommended Tests for Inclusion.  The following hazard classification tests for
pyrotechnics are recommended for inclusion into a supplement to TB 700-2 and for even-
tual inclusion into a revised TB 700-2:

Number Bulk Test Material Remarks
101* Thermal Stability (75°C Oven Method) 102 Optional
102 Thermal Stability (Tube Method) 101 Optional
104 Burning Propagation Rate (Screen) 105 Optional
105 Burning Propagation Rate (Tube) 104 Optional
106* Impact Sensitivity (Bureau of Explosives Apparatus)

108 Electrical Spark Sensitivity

112 Differential Thermal Analysis

116 Closed Bomb

117 Parr Bomb Calorimeter

301 Bulk Density

411 Isothermal Analysis With 112
416 Mass Effects Test

417 Thermal Ignition Test

* Performance now required for TB 700-2 compliance.
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Number

201*
202*
203
421

4.1.2

End-Item Material Remarks

Propagation/ Transition Test A
Propagation/ Transition Test B
External Heat Test C

Modified Detonation Test B

Exclusions. The following hazard classification tests for pyrotechnics are

recommended for exclusion from a supplement to TB 700-2 and eventual exclusion from
a revised TB 700-2.

Number

103*
107
113*
114*
115
204
205
302
303
304
305
306
401
402
403
404
405
406
407
408
409

Test

Ignition and Uncontinued Burning

Bullet Impact - Friction

Detonation - Compression

Card Gap

High Explosive Equivalency

Transportation Rough Handling

Crash Safety (40 foot Drop)

Compatibility (Reactivity with Surroundings)
Hygroscopicity

Moisture (Desiccation Method)

Moisture and Volatiles (Vacuum Oven Method)
Moisture and Total Volatiles (Gas Chromatograph Method)
75°C International Heat Test

100° C Heat Test

Explosion Temperature Test

Hot Bar Test

Impact Sensitivity Test (Bureau of Mines Apparatus)
Impact Sensitivity Test (Picatinny Arsenal Apparatus)
Friction Pendulum Test

Friction Sensitivity Test

Impingement Reaction Test

* Performance now required for TB 700-2 compliance.
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Number

410
412
413
414
415
418

4.1.3

Test

Abel Heat Test

Hartmann Dust Sensitivity

Large Scale Parr Bomb

Carrier Medium Tests

Changing and Blending Sequence Test
Full-Scale Blending Test

Test Recommended for Further Development. It is recommended that hazard

classification tests of the following types be made the subject of additional projects to
develop criteria, apparatus and procedures and to demonstrate their validity;

Number

419
420

None

Test

End Item Electrostatic Sensitivity
Transportation Simulation Test
Thermal Output, paragraph 3.3.4

4.2 Other Recommendations. The following statements comprise other recommenda-

tions resulting from the research conducted.

Additional projects should be initiated to supplement this study by validating
the classification tests with pyrotechnic materials other than smoke mixes.
The broadened scope of test validation would enhance the credibility of
findings and recommendations.

Some nonflammable wicking material such as asbestos or sand should be
substituted for the sawdust in the ignition and unconfined burning test (103).
Sawdust is a variable material, and some other material would be more
reproducible.

The blast transducers should be rearranged in the high explosive equivalency
test (115). The spiral array of transducers now used can result in incon-
clusive data because a pyrotechnic sample frequently results in pneumatic
rupture of the test vessel and the resulting airblast overpressures are not
cylindrically symmetric. It would be more desirable to arrange the trans-
ducers in four quadrants in each of two concentric circles. Data analysis
would then reveal airblast asymmetry and allow corrections to be applied.

A program should be conducted to document hazard classification procedures
for pyrotechnic manufacture and assembly operations. TB 700-2 procedures
now being applied to pyrotechnic manufacture do not properly assess the
hazards involved. No account is taken of either the properties of pyrotechnics
or the nature of the manufacturing environment.
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APPENDIX A - CLASSIFICATION METHOD SUMMARY SHEETS

CLASSIFICATION TEST METHOD SUMMARY

NUMBER TEST
101 Thermal Stability (75°C Oven method)
CATEGORY APPLICABILITY TYPE PARAM :-ren(s)
Bulk Trans. & Storage Sensitivity Temperature

DESCRIPTION

The sample is placed in an explosion-proof oven at a temperature of 75°C and
maintained at this temperature for a 48-hour period to determine whether it
is physically and chemically stable.

RATIONALE

The sample is subjected to elevated temperatures to permit the observation
of characteristic tendencies of the sample material to detonate, ignite,
decompose or change in configuration under adverse storage conditions.

APPARATUS

Explosion proof oven regulated from 50°C - 200°C

INSTRUMENTATION

Balance + 0.2 milligram accuracy
Thermocouple and temperature recorder

SAMPLE SIZE NUMBER OF TESTS FOR VALIDITY

75 - 300 grams 1 test for a 48 hour duration.

SPECIAL REQUIREMENTS

Sample is pre-weighed and identified as to: Sample designation, lot number,
manufacturer, date manufactured, lot size, and date sampled.

TESTING EXPERIENCE RESULTS RE PORT
GREEN 1V No reaction GE-MTSD-R035 & RO59
VIOLET 1V No reaction GE-MTSD-R035 & RO59
PARAMETER RELATABSI LITY+OUANTAT| VE4-SCALABILITY = TOTAL
Temperature 4 0 2 6

APPROXIMATE COST PER MATERIAL OR END ITEM TESTED

$125 per material ran |

REMARKS

This test represents the universally accepted high temperature environment at
750C. The addition of a thermocouple with the sample provides an indication of
reactivity. The test subjects the sample material to one storage parameter; it
cannot stand alone if results indicate instability.
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CLASSIFICATION TEST METHOD SUMMARY

NUMBER TEST
102 Thermal Stability (Tube Method)
CATEGORY APPLICABILITY TYPE PARAMETER(S)
Bulk Trans. & Storage Sensitivity Temperature

WERGQFETTIIN TH$ test is conducted to determine if a sample material is stable at
a temperature of 75°C and evaluate potential hazards due to an exp]os1on,
ignition or a marked change in configuration indicated by a chanqe in color or
an excessive weight loss ? >10%) that may occur at the 75°C temperature.

RATIONALE

If the sample material explodes, ignites, or shows marked change in config-
uration due to a change in color or gross loss in weight ( > 10%) the material
is incompatible for shipping or storage by standard transportation and storage
modes.

APPARATUS

Stainless steel tube 3/8" OD by 8" length with a .035" wall thickness.
Nichrome ribbon heater is wrapped on the outside of the tube. The tube is
covered by l-inch thickness of asbestos insulation.

INSTRUMENTATION

Balance + 0.2 milligram accuracy

Temperature regulator for controlling the heating tape
Copper constantan thermocouple - 2 each

SAMPLE SIZE NUMBER OF TESTS FOR VALIDITY

5 grams 1 test 48 hours duration

SPECIAL REQUIREMENTS The sample is pre-weighed and identified as to: Sample
designation, lot number, lot size, manufacturer's name and plant designation,
date sampled, date loaded. Consolidation to end item configuration may be

simulated
TESTING EXPERIENCE RESULTS RE PORT
GREEN |V None
VIOLET IV None
PARAMETER RELATABILITY4+QUANTATI VE4SCALABILITY = TOTAL
Temperature 4 0 2 6

APPROXIMATE COST PER MATERIAL OR END ITEM TESTED

$145 per material . RANK 1

REMARKS

Test evaluation is essentially qualitative. Test method cannot stand alone as
a method of classification. Th1s test represents the universally accepted high
temperature environment at 75°C. This test is a suitable alternative to the
oven method and it is not limited to solids. No testing by this method was
conducted at NSTL because it is functionally no different from the 75°C oven
method, No. 101.
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CLASSIFICATION TEST METHOD SUMMARY

NUMBER TEST

103 Ignition and Unconfined Burning
CATEGORY APPLICABILITY TYPE PARAMETER(S)
Bulk TrANS, & storace } Output Transition

DESCRIPTION
A 2" cube is placed on a kerosene soaked sawdust bed, and the sawdust is ignited

The sample specimen is observed for signs of detonation or deflagration. The
time of the reaction is measured. This test is run in two configurations:
single cube and multiple cubes (4).

RATIONALE

This test determines whether a pyrotechnic, propellent or explosive material
will undergo transition from deflagration to detonation when exposed to an
open flame.

APPARATUS
Steel Pan Kerosene
Sawdust Match-head igniter

INSTRUMENTATION

Stop watch

SAMPLE SIZE NUMBER OF TESTS FOR VALIDITY

50-120 gm 3 teits (2 each single cube and one each multiple cube
test

SPECIAL REQUIREMENTS

Sample screened through a No. 50 sieve and the temperature of the specimen
stabilized to ambient prior to test.

TESTING EXPERIENCE RESULTS REPORT

GREEN IV No Detonation GE-MTSD-R035, R059

VIOLET 1V No Detonation GE-MTSD-R035, RO59
PARAMETER RELATABILITY QUANTITATIVE SCALABILITY TOTAL
Transition 2 1 1 4

APPROXIMATE COST PER MATERIAL OR END ITEM TESTED

$30 per material

RANK |

RemArks This test was initially used for high explosive and I-C-T will result
if the critical diameter of the sample specimen is less than 2". For pyro-
technics and propellants this test only demonstrates that the propellants and
pyrotechnics will burn. No evidence is available indicating that a pyro-
technic material ever did more than burn during this test. Test results can
vary due to wicking of the kerosene into the sample specimen.
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CLASSIFICATION TEST METHOD SUMMARY

NUMBER TEST

104 Burning Propagation Rate (Screen)
CATEGORY APPLICABILITY TYPE PARAMETER(S)

Bulk THARSE, § ETEEALE WOVENIY Rate of Reaction

DESCR|PTION . .. : 5 X
A bed of material is ignited at one end, and the transit time of the reaction

front is measured to determine a burning propagation rate under uncontrolled
conditions.

RATIONALE

This test determines an open-air burning rate and, hence, the rate of energy
release can be deduced.

APPARATUS

100-mesh stainless steel screen to support bed of specimen materials
propane torch for ignition.

INSTRUMENTATION

Fuse wire and electric V timer

SAMPLE SIZE NUMBER OF TESTS FOR VALIDITY

11 cubic inches 5

SPECIAL REQUIREMENTS

Apparatus must be screened from wind. Determine bulk density. Identify
sample.

TESTING EXPERIENCE RESULTS REPORT
GREEN |V None -
None --

VIOLET 1V

PARAMETER RELATABILITY QUANTITATIVE SCALABILITY TOTAL

Rate of reaction 2 2 2 6

APPROXIMATE COST PER MATERIAL OR END ITEM TESTED

RANK 'l

$240 per material

REMARKS

More meaningful data are obtained than from Test No. 3, ignition and
uncontinued burning. Applicable only to solid or granulated materials.
This test can be utilized as an alternative to the tube method, No. 105.
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CLASSIFICATION TEST METHOD SUMMARY

NUMBER TEST

105 Burning Propagation Rate (Tube)
CATEGORY APpLicABILITY TYPE PARAMETER(S)

Bulk Thaub, & =T°“‘°=[ Output Rate of Reaction

DESCRIPTION : . 3 x .
A cylinder of material partially confined in a steel tube is

ignited at one end, and the transit time of the reaction front is measured to
determine a burning propagation rate under partially confined conditions.

RATIONALE
The test determines burning rate; it is possible to obtain a rate of energy

release under such conditions at confinement.

APPARATUS

Prepared steel tube to hold sample material
Ventilated hood
Propane torch for ignition

INSTRUMENTATION
Fuse wire and electric V timer

SAMPLE SIZE NUMBER OF TESTS FOR VALIDITY

2.5 cubic inches 5

SPECIAL REQUIREMENTS

Determine bulk density. Identify sample material.

TESTING EXPERIENCE RESULTS RE PORT
GREEN IV None e
VIOLET 1V None ——
PARAMETER RELATABILITY QUANTITATIVE SCALABILITY TOTAL
Rate of Reaction 2 2 2 6

APPROXIMATE COST PER MATERIAL OR END ITEM TESTED

$230 per material RANK

REMARKS

More meaningful data are obtained than from Test No. 3, ignition and

uncondited burning. Could be applied to 1iquid as well as solid or
granulated materials. This test can be utilized as an alternative to the

screen method, No. 104.
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CLASSIFICATION TEST METHOD SUMMARY

NUMBER TEST

106 Impace Sensitivity Test (Bureau of Explosives Apparatus)
CATEGORY APPLICABILITY TYPE PARAMETER(S)

Bu]k TRANS, & STORAGE BENSITIVITY Impace

DESCRIPTION

A 10 mg. sample is subjected to impact by a weight falling from a pre-
determined height.

RATIONALE

This test determines the sensitivity of a pyrotechnic, propellant or ex-
plosive mixture to decomposition or detonation as a result of mechanical
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